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I. INTRODUCTION 

The latter half of this decade has seen a rapid develop- 

ment of the Ideas first incorporated by Kaarlo in his ram 

wing in 1935 and his hovercraft in 1949.  Considerable theo- 

retical and experimental efforts have been applied to the 

understanding of the basic principles involved in, what has 

become known as, the G.E.M. ie.., a machine supported on a 

cushion of compressed air sustained and contained by a pe- 

ripheral Jet.  It may be said that the theory of the momentum 

curtain is fairly well understood.  Such an understanding 

has come about through the work of Chaplin (l) via various 

refinements to the exact perfect, incompressible fluid theory 

of Strand (2) for the two-dimensional model.  However, al- 

though well understood, the theory is not, of course, complete, 

Amongst the outstanding problems is that of the translational 

motion of the G.E.M.  The object of this paper is to partially 

fulfill this requirement. 

Throughout this study the only information available to 

the author on the effects of forward motion on the G.E.M. 

was that contained in the Symposium on Ground Effect Phenomena 

(3) publication, Princeton University.  In these reports the 

models used were various - small wind tunnel models and large 

scale vehicles were used;  some models having thin, high, 
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velocity Jets others having thick low velocity Jetsj  some 

with simulated or actual intake, others without.  Consistent 

with the variation In configuration has been the incon- 

sistency of reports on the effect of forward flight on the 

base pressure (see Ref. 3 p. 309).  However in all cases 

included in reference 3 the variation in base pressure was 

reported as being small for low forward speeds.  In order 

to define distinct regimes of operation it will be assumed 

that the base pressure remains invariant with forward speed 

provided that the Jet at the leading edge escapes upstream 

on contact with the ground.  Such a regime will correspond 

to high values of the non-dimensional Jet momentum coeffi- 

cient ^ Gj,   defined as the ratio of the Jet momentum efflux 

to the free stream dynamic pressures times a representative 

length (diameter of the machine).  If these arguments are 

accepted the problem of the Q-.E.M. in translation becomes 

one of a semi-infinite uniform stream flowing over an ob- 

stacle on the ground.  It is as such that the mathematical 

model of the problem is formulated;  that is to say, a 

solution is sought to the problem of the uniform flow of a 

perfect fluid external to the G.E.M. 
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II.     DISCUSSION 

A. Mathematical Model 

The problem Is restricted to a two-dimensional configu- 

ration shown In Figure 1 where AB, EF represent the ground, 

BC, ED the Jet profiles and CD the flat plate representation 

of the machine.  It Is required to solve the problem of the 

uniform, Irrotatlonal flow of a perfect. Incompressible fluid 

of speed U over the boundary A B C D E F. 

B. Method of Solution 

The complex potential plane drawn In Figure 2 Is mapped 

onto a seml-lnfInlte rectangle In the S-plane In Figure 3 

by means of the Schwartz-Chrlstoffel transformation, given by 

w = A +** cosh x _ ^
+^ 

The development of a, theorem due to Woods (4) Is re- 

peated below with but a slight adaptation to the problem of 

this paper.  By applying Cauchy's Integral Theorem to the 

function 

where q Is the speed and Q the direction of motion and £ 

the complex coordinate of point P within the principle 

seml-lnfinlte rectangle, A*B*E*F*, of the transformation, 

it is found that, as the limit of  f(?) as ^ —► oo is zero. 



-f(r) = -i 
ZTTl If" 

and for every other seml-lnfInlte rectangle A B E F 

(1) 

o  -     ! 
ziri 

p    _2M+äir 

J ■F(o,y)idY 

2MTir       <y-r 

o t-ti + law + z 
_ ._      _       flujimij 3d»; 

"b  (-t^ + uw + zrr -s TI  + CZWT   - ^J (2) 

On   substituting   V-i-z^mr      for   Y    In   the  first   term,   equation 

(2)   becomes 

O   __ 
zvi 4       u + i 

-f(o,u+ zmTOt'dy 
i ztrrmr - J 

o   ^>?+f2m4a-rr-f h   -i- ( 2.tmr - r J 

Hence  we  can  write 

m = o   —f(£) 
m =jt o       o airi 

^ar 

-Py^r   -^(n., zm + 2.Tr j + (17, 2M-r) .jdrj (3) 

It Is to be noticed that In these equations the sides AB 

and EP are covered twice but In opposite directions I.e. 
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J     v. f ,4 .^  .,—   when m = n 

Is equal to 

-Ja       ?? +■ iZm  +  2T- 
when m = n + 1 

'o  ?f + iZm  +  ZT-/ 

Also, In the limit as m —»-OQ  these integrals tend to zero. 

Hence, if equations (3) are summed from m ——CD  to m =-s-oo 

the function  f (^,) is found to be given by 

O   nns-oD 

The summation in the above equation can be split into two 

parts;  the first being a summation over the range of even 

values of m and the second over the range of odd values 

of m.  By writing m = 2n and 2n -^ 1 respectively we get 

-^r) = 
^r( 

^2-ir <e r2* ■&< /cv   «J.   . . -^" on   

But when m is odd 
(4) 

thus, substituting (4-mTr-y")  for (/+2iviT)  in the second 

integral of (4), and remembering that  fCo, x" + Zmir)    is 

also equal to f(0,f)  for even values of m in the first 

integral, the equation becomes 
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ZTL 
n = -ao 

UTT -i 

on using the Identity 

(5) 

(a+bn)  =. JLcot ü 
M*«> ,; , b   b 

In equation (5) for X  write-J .  Then, as the point -^ 

is outside all rectangles we have 

o = 
sir 

r**        r — _ -, 

the   conjungate   of  which gives 

o = 
SIT 

/air 

(6) 

Now 
■f(y) = log -LL  + iö 

so  that   v-/ -f(?) =  loqJJ   _ ie 
3 =) 

Hence, on substracting equation (6) from (5) we finally 

obtain 

(7) 
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C.  ApproxIma 11on s 

Two approximations can be made which the author thinks 

are Justified for this simple model.  It may be assumed that 

the flow over the boundary BCDE (Fig. l) Is sufficiently 

symmetrical about the mid pointy v=T ,   to Justify writing 

e^t) = ©(ZTT - •») 

In which case equation (7) reduces to 

0 

where t    has been replaced by *"*" In order to differentiate 

between the dummy variable and the imaginary part of t   • 

On the ground effect machine boundary I.e. the boundary made 

up of the Jet profiles and the upper surface of the G.E.M., 

-?7 = o  so that jT =/*"  and the right hand side of (8) is real. 

Hence, the left hand side becomes  -log U/q and is given by 

-logU = _L Te'cif*) cafj.(v*-!r)d»'* 

(9) 

which can be transformed into a Stleltjes Integral by 

integration by parts to give 

iir 
+ logU. Lj     (og^n X(Y'*-<)de(!f*) 

(10) 
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The evaluation of this Integral leads us to the second 

approximation. 

If the Jet Is thick and the forward speed, U, Is small 

the Jet momentum coefficient will be large and the Jet will 

be practically straight up to the ground where the change of 

curvature will be rapid.  This Is also true for a thin Jet 

but. In this case, the range of U will be Increased within 

the validity of the assumption (5)-  Thus, the curvllllnear 

boundaries  BC and ED will be replaced by the rectilinear 

boundaries  BB'C and EE'D respectively (see Fig. l) to 

give the ö - ^  distribution shown In Fig. 4.  The evaluation 

of the StieltJes Integral In equation (10) then gives 

3q  U. ,  -L (t +<)logsinl|(fe -a)| _(Xtf) log smi-|(^-8)| 

-(iT-'Olog sinLUzx-S-tM 

+(-Tr-<)iog3inl|(e-Tr-£- -^)| 
(11) 

Thus the distribution of  q  is known as a function of f 

From equation (8), where f(f).» locj( — u/<i*L),   dW/d* 

may be calculated as a function of tf  .  This, together 

with W  obtained as a function of tf  from equation (l), 

which, in the symmetrical case becomes 

W = ^ coshX (12) 



leads to the evaluation of the complex coordinate,  z. In 

the physical plane, as a function of 8" .  Thus the velocity 

distribution over the upper surface of the GEM can be obtained. 

Hence the aerodynamic lift due to the flow over the upper 

surface of the GEM can be calculated. 

The constants ey ,S"  and ^   may be evaluated from the 

is known, 5" — ^e 

Is known, t   — i«? 

following relatl onshlps: 

(1) At B' where  z = zl 

(2) At C where  z = Z2 

(3) 2h 

u adz. 
»CDE 

Thus, It Is seen that equations (ll), (8) and (12) completely 

solve the problem as set out above. 
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III.  CONCLUDING REMARKS 

The above method due to L. C. Woods (4) has been applied 

by him to many problems where refinements of computation are 

described In detail.  The author wishes to stress the pre- 

liminary nature of this report which he would wish to be re- 

garded as an Introduction to the more complete non-symmetrical 

problem of a two-dimensional ground effect machine In forward 

motion with a simulated Intake on the upper surface and jet 

exits situated on the underside other than at the edges.  Work 

Is now In progress on this extended model. 
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